By H. R. DEAN.' THE practical applications of the complement-fixation method may be divided under two headings: (1) The recognition of antibody with the aid of a known antigen; (2) the identification of an unknown antigen with the aid of known antibody. Under the second heading fall the very numerous researches which have been undertaken with a view to the finer differentiation of closely allied bacteria. If value is to, be set on this differentiation method of classification it must be shown that it is absolutely specific.
Although the majority of workers have come to the conclusion that the complement-fixation method is extremely specific, a considerable number of papers have appeared in which it is claimed that differentiation may be impossible between races of bacteria usually recognized as distinct. Although a few workers have gone so far as to say that, the method is useless for purposes of differentiation, the majority have only found difficulty in distinguishing between nearly allied organisms. In such cases reference is very frequently made to the presence of a group reaction which renders a sharp distinction difficult, of attainment.
For a full account of the literature of the subject the reader is. referred to the article on " Complement Fixation," by Meier (1909) , in Weichardt's " Jahresbericht."
The differentiation of Bacillus typhosus from Bacillus coli was. recorded in Bordet and Gengou's (1902) original paper. These authors immunized guinea-pigs with cultures of Bacillus typhosus and tested theserum so obtained with emulsions of Bacillus coli and emulsions of Bacillus typhosus. They found that complement was completely absorbed by relatively small amounts of typhoid bacillary emulsion in the presence of antityphoid serum, but that relatively large amounts of Bacillus coli emulsion mixed with the same antityphoid serum were. necessary to produce even a partial fixation of complement. They concluded that the sensitizing substances of antityphoid serum were markedly but not absolutely specific. These results were confirmed in -the same year by Widal and Le Sourd (1902) . The differentiation of Bacillus typhosus and Bacillus coli by this method is also described by Ballner and Reibmayr (1908) , Simnitzky (1908) , and H. R. Dean (1910) .
,
The introduction by Wassermann (1905) of bacillary extracts in place of the previously used emulsions was followed by numerous cpapers dealing with complement fixation. Further improvements in the method of preparation of bacterial extracts were devised by Leuchs (1907) , who was able to satisfactorily differentiate Bacillus typhosus from Bacillus paratyphosus, although his results showed considerable evidence of a strong group reaction. The results of Leuchs, as regards Bacillus typhosus and Bacillus paratyphosus, were confirmed by Ballner and Reibmayr (1908) , who also found that differentiation was rendered difficult by the presence of a marked group reaction. They advised the use of greatly diluted antisera. They were able to distinguish Bacillits typhosus from Bacillus coli, and either of these ,organisms from Bacillus paratyphosus B or fromi Bacillus typhi murium; they were, however, unable to distinguish between Bacillus paratyphosus B and Bacillus typhi muriurn. An antityphi murium seruin gave a marked reaction with extract of Bacillus typhi muriurn and an almost equally marked reaction with extract of Bacillus para-.typhosus B. An antityphoid or an anticoli serum was found to give a strong reaction with its homologous extract and a less, but still evident 4 group reaction " with extracts of Bacillus typhi murium and Bacillus jparatyphosus B. The Bacillus paratyphosus B and the Bacillus typhi mnurium extracts were found to give an identical "group reaction " with a heterologous serum. The group reactions observed by the agglutitnation and complement-fixation methods ran a parallel course. They considered that the complement-fixation method was as sharp and as specific as agglutination, but that it was not to be preferred as it was -so much more complicated, and that consequently sources of error were numerous. Simnitzky (1908) saturated an antityphoid serum with Bacillus coli and with Bacillus paratyphosus without removing the antibodies specific ,for B ocillus typhosus. If, however, the serum was treated with typhoid bacilli the complement binding properties for Bacillus typhosus were removed together with the group antibodies for Bacillus paratyphosus and Bacillus coli.
Posner (1908) worked with the serum of patients suffering from .typhoid and paratyphoid infections. He concluded that the complement-fixation method was unsuitable for the differentiation of typhoid and paratyphoid infections. Spiit (1908) , who also nmade use of clinical material, came to the conclusion that complement fixation did not afford a means of differentiating between the infections caused by members of the typhoid and paratyphoid group.
From these papers it appears that considerable difficulty has been experienced in the differentiation of typhoid from paratyphoid. Specific differences are recorded by Leuchs and Ballner and Reibmayr, who, however, found it necessary to employ very dilute antisera. The presence of a group reaction is described in both these papers and to this group reaction imay probably be attributed the negative results published by Spiat and Posner.
The experiments published by H. R. Dean (1910) showed that with the low dilutions of antiserum no differentiation was possible between Bacillus typhosus, Bacillus paratyphosus B and Bacillus paratyphosus A. When, however, the antiserum was highly diluted complete differentiation was obtained. Experiments were also published which confirmed the absorption experiments of Simnitzky.
One of the most useful applications of the complement-fixation method has been the attempt to classify the various strains which have been isolated from cases of food-poisoning. Sacquepee (1907) A serum prepared by immunization with any organism in Group I gave a marked reaction with any other member of Group I, but no reaction with any member of Group II. In the same way a serum prepared by immunization with any organism of Group II was specific in its action and reacted equally well with any of the members of Group II, but not with the members of Group I. Pitt (1909) investigated the Bacillus nodulifaciens bovis (Langer) and decided that it should be included in the Gaertner group. He was, however, unable to distinguish Bacillus Gaertner from Bacillus typhosus by the complement-fixation method, and for this reason concluded that it was questionable if complement fixation was more delicate than the previously employed serological tests.
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The classification of the organisms forming the food-poisoning group has recently been very fully investigated by Altmann (1910 *From these and other papers on the subject it appears that the complement-fixation method is a means of demonstrating a highly specific reaction between a bacillary extract and its homologous antiserum. The specific reaction is, however, in considerable danger of being masked by the presence of a more or less strong group reaction. The group reaction, while it adds considerably to the difficulties of differentiation, is not without interest, from the insight which it affords as to the degree of relationship between nearly allied organisms.
GENERAL OBJECT OF THE EXPERIMENTS.
The object of the experiments which-are to be described has been:-(1) To determine the conditions under which, the most complete differentiation can be affected.
(2) To determine the influence of relative excess of antigen and of relative excess of antibody on the abgorption of complement. Preparation of Bacterial Extracts.-All the extracts used in these experiments were prepared by the same method. Roux bottles containing nutrient agar were freely inoculated from a broth culture and kept in the incubator at 370 C. for forty-eight hours. The agar surface of such bottles is about 20 cm. by 10 cm. After forty-eight hours, the growth in each bottle was rapidly emulsified with 20 c.c. of distilled water. The bacterial emulsion was then decanted into a sterile flask and subsequently pipetted off into sterile test-tubes, in amounts of about 5 c.c. to each tube. In some cases the emulsion was treated for one hour at 60°C. This preliminary heating was not found to have any effect favourable or unfavourable on the properties of the extract, but it is recommended, as it obviates risk of infection. The tubes containing the bacterial emulsion were, after a thorough shaking, immersed in an ice and salt freezing mixture. The emul-sion was allowed to freeze hard, and then to thaw slowly at room temperature. The emulsion wag usually prepared in the morning, and after the first freezing was allowed to stand at room temperature, with-occasional shaking, until the evening, when the freezing process was repeated. After the emulsion had been thawed for the second time, it was placed in a strong bottle containing .255 glass beads and shaken all night in a shaking-machine. On the second day the emulsion was pipetted in quantities of 5 c.c. into test-tubes, and the freezing and thawing process was repeated in the inorning and in the evening. During the second night the emulsion was again thoroughly shaken in a strong bottle containing glass beads. On the third day the emulsion was centrifugalized. The supernatant fluid, which was either quite clear or only very slightly opalescent, was decanted into a sterile flask and stored for use in the cold room.
Antisera.-The antisera were prepared by the intravenous injection of rabbits with saline emulsions of twenty-four-hour agar cultures. Each rabbit received four or five injections at intervals of four or five days, and was tested on the eighth day after the last injection. If it was found to be satisfactory, the animal was bled out on the ninth or tenth day. The serum, which had separated after twenty-four hours, was heated for half an hour at 560 C. The inactivated serum was stored in small sealed glass bottles, each of which contained about 2 c.c. THE HA;MOLYTIC SYSTEM. The hammolytic system consisted of washed sheep corpuscles, hemolytic serum derived from rabbits which had been injected with sheep corpuscles, and fresh guinea-pig serum. The guinea-pig serum was freshly prepared on the same day as the experiments were carried out.
The haemolytic system was titrated on each occasion, and an amount of haemolysin was used in the complement-fixation experiment, which contained about four minimal lytic doses.
EXPERIMENTAL METHODS.
The bulk of fluid in every tube was 2 5 c. (complement) . After one hour's incubation at 370 C., there were added to each tubeO'5 c.c. of the previously determined dilution of haemolytic serum, and 0'5 c.c. of a 1 in 20 suspension of washed sheep corpuscles. The tubes were then incubated for a period varying between forty-five minutes and two hours. The series of tubes was removed from the incubator, when the controls showed complete haemolysis.
The strains used in this series of experiments were as follows:
Three strains of Bacillus typhosus isolated by Dr. Ledingham fron typhoid carriers, and designated Math., T., and Mie. Four strains of Bacillus paratyphosus B, designated Schott., MacW., Ma, and P.9. One strain of Bacillus paratyphosus A, one strain of Bacillus enteritidis, Gaertner, three strains from cases of food-poisoning in men, designated Dusseldorf, H.A., and A.3, one strain isolated from food and one strain isolated from a healthy pig. All the strains except the typhoid and the Gaertner strains were given to me by Dr. Bainbridge. The strains were carefully tested before the commencement and at frequent intervals during the course of the experiments. In all cases the typical sugar reactions were obtained.
ANALYSIS OF RESULTS.
The results of the experiments are recorded in the annexed tables Table I : In the experiment illustrated in Table I an antityphoid serum has been titrated with an extract made from another strain of Bacillus typhosus. It will be seen that this serum acts best in a dilution of 1 in 20 or 1 in 40, that in the dilutions of 1 in 80 and in 1 in 160 the reaction is less but still very marked. A very fair result is obtained in a dilution of 1 in 320, while in a dilution of 1 in 640 the fixation of complement is hardly appreciable. The effect of excess of antibody may be seen by comparing the results in the first three rows-. It will be seen that a dilution of 1 in 20 is more effective than a dilution of 1 in 10 and that a dilution of 1 in 10 is more effective than a dilution of 1 in 5. This effect is evidenced in the tubes 5, 6 and 7 of the first three rows. In tube 7, row A, haemolysis was almost complete; in tube 7, row C, there was only the slightest trace of haomolysis. This result indicates that when the extract is diluted 1 in 320 and the serum 1 in 5, an excess of antibody is present which prevents the fixation of complement. In tube 7 of row C the same amount of antigen is present, but only onequarter of the amount of antibody. In this tube the complement was almost completely fixed. The effect of excess of antigen is more difficult to demonstrate because it is a difficult matter to prepare extracts rich in antigen and because large doses of bacterial extract have a great tendency to spontaneous absorption of complement. A slight indication of this effect can, however, be made out in row G, tubes 1 and 2. In these tubes the amounts of extract present were 0 1 c.c. and 0 05 c.c. respectively. These amounts appear to represent a slight antigen excess, for a trace of hamolysis was noticed. When the amount of extract was rcduced (tubes 4, 5 and 6) no hsemolysis occurred. The amount of serum was the same in all tubes of row G. From this experiment it is evident that a quantitative relationship exists between antigen and antibody and that excess of either constituent is unfavourable to the fixation of complement. In working with bacterial extracts the inhibitory influence of excess of antigen is of theoretical rather than of practical interest, for it is a difficult matter to make an extract sufficiently rich in antigen. The possibility of a relative excess of antiserum is a matter of more practical importance. For instance, if the object of the experiment be to detect a very small quantity of antigen, the optimal dilution of the antiserum must be determined by a preliminary test of the antiserum SERUM WITH HOMOLOGOUS EXTRACT.
XStrain T. 
haemolysis hasmolysis hasmolysis hiemolysis 9 1 in 1280 Complete Marked Almost,, , 
hmemolysis haemolysis is possible between Bacillus typhosus, Bacillus paratyphosus A, Bacillus jparatyphosus B, and Bacillus Aertryck. When, however, a 1 in 100 dilution of the serum is employed the typhoid extract is completely differentiated from-the other extracts. 
. As a further control, 2 in 5, 1 in 5, and 1 in 10 dilutions of extract were prepared. No antiserum was added to these tubes, but the bulk was made up with 0 5 c.c. normal saline solution. Dilution 2 in 5 showed marked hemolysis, dilutions 1 in 5 and 1 in 10 showed complete haemolysis. The serum controls of tubes containing single and double the amounts of serum used in the corresponding columns of the experiment, but without the addition of bacillary extract. All the serum controls showed complete haemolysis.
In this experiment six identical and parallel rows were prepared so that the tubes of the same number in each row contained the same dilution of extract. Tables VI, VII , and VIII it appears that the complement-fixation method allows of a differentiation between Bacillus paratyphosus B and Bacillus Aertryck. This conclusion is in agreement with that which has been reached by Bainbridge (1911) who employed the absorption method of Castellani. which is found to give a thoroughly satisfactory reaction with the homologous extract.
With low dilutions of antiserum a nmarked group reaction is obtained.
An examination of Table VI will show that the intensity of the group reaction corresponds with the closeness of the relationship between the strains employed. In this experiment the paratyphoid A and the typhoid extracts were easily differentiated from the paratyphoid B extract. It was only when the serum was still further diluted that Bacillus Aertryck could be differentiated from Bacillus paratyphosits B. .,
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4 1 in 80 ,, ., It is important that the bacilli used for absorbing the "group" antibody should be thoroughly washed and that the absorption process should be carried out at a low temperature. Unless these precautions are taken it will be found that the serum possesses the property of "spontaneously" fixing complement. This phenomenon is presumably due to the fact that antigen is dissolved out of the bodies of tbe bacilli and unites with the antibodies of the serum. The antigen antibody complex thus formed renders the serum quite unfitted for subsequent use. .,
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,, , The rows marked A contained the indicated doses of the antiserum together with three lytic doses of a haemolytic serum. Although all the tubes in all three of the A rows showed complete haemolysis at the end of two hours, there was a marked difference in the rate of hmmolysis between the tubes in each series. In each row A tube 6 was the first to hbemolyse and tube 1 the last. The slowing of hoemolysis in the tubes containing the large amounts of antiserum was very slight, but was sufficient to allow the inference that the presence of a large amount of serum is ulnfavourable rather than favourable to hnemolysis. Table XI illustrates an experiment intended to demonstrate the effect of the presence of excess of antigen and antibody. The influence of relative excess of antiserum is well shown in the first two columns A and B. The effect of excess of antigen begins to be noticed in tube 1 of row C and is more marked in the first three tubes of rows D and E. The experiment shows very clearly that if the optimal effect is to be obtained antigen and antibody must be present in certain definite proportions. The influence of relative excess of either constituent is a matter of some interest from a theoretical standpoint. The effect of antiserum excess might be attributed to the reinforcement of the haemolytic system by the " normal " ha-molysin present in the antiserum. The hemolytic tube of the antisera used in these experiments is given in Table XII. It seems, however, more probable that this inhibition by excess is comparable to that seen in other serum reactions.
It will be remembered that excess of antiserum causes a very similar inhibitory effect in agglutination, precipitation and haemolysis experimetits. The phenomenon is quite analogous to that described by Neisser and Wechsberg (1901) and it might be anticipated that both results might find a common explanation. Neisser and Wechsberg suggested that the free amboceptors took up or deviated a certain portion of the complement and that not enough remained to satisfy those amboceptors which had united with bacilli.
This explanation has not been universally accepted as the cause of the interference with bacteriolysis, and it seems almost impossible to apply it to the closely parallel interference with the fixation of complement. To do so it is necessary to assume that the free amboceptors deviate complement from the bound amboceptors merely to give it up again, later on, to the combined haemolytic ainboceptor.
Further experiments are being carried out at the present time on the quantitative relations of antigen and antibody and it is proposed to return to the question in a subsequent communication.
SUMMARY AND CONCLUSIONS.
(1) The complement-fixation method affords an extremely delicate and specific means of differentiating between various members of the typhoid and paratyphoid group. (6) Under certain circumstances the degree of relationship can be seen during the course of an experiment by observing the time of onset of hermolysis in the tubes containing the various extracts.
(7) The group antibodies can be removed from the serum by a suitably arranged absorption experiment.
(8) Excess either of antiserum or of bacterial extract has an unfavourable influence on the fixation of complement.
(9) The maximal fixation of complement is obtained when antigen and antibody are present in certain definite proportions.
